The main goal of wind turbine development is to increase the power output of the turbine. One of the methods for promising of wind power output is to increase the effective wind velocity by using an augmentation device around the rotor. This paper is an attempt to observe the effect of flat plate acceleration device on the performance of the wind turbine. A numerical simulation was conducted to investigate the performance of straight bladed vertical axis wind turbine applying simple flat plate wind acceleration device. In this study, straight bladed vertical axis wind turbines (SVAWT) of NACA0016 with wind cord length 113 mm was used to investigate its performance by adding two flat plates on both sides of the rotor at different separation gaps. The power output of the turbine at various wind speed of 2.6-7.5 m/s at different separation gaps and different clearance between turbine and accelerator were investigated. Wind turbine power output has significantly increased by presenting two flat plates around the rotor. Maximum peak power has attained at certain separation gap from the view of the upwind side and it was 1.5 times of the bare turbine output. The flow phenomenon behind the blade was also investigated. The flat plate guides the mainstream to be a narrow passage between the two flat plates, creating a vortex behind the flat plate which phenomenon cannot occur in the bare turbine case. Narrow passage mainstream between flat plates gives more accelerated effect of the blade, resulting speed increasing of upstream side blade to make lift. There are sensitive changes of power output when the positions of both plates are changed to different separation gaps and different clearances from their reference places. All the results demonstrate that the flat plate technique can give high increased power to the straight bladed vertical axis wind turbine.
I. INTRODUCTION
ind-powered energy generation has encountered massive growth around the world and it is examined as an environmentally and economically ambitious advantage of electric power generation by reducing CO 2 emissions into the atmosphere and meeting the growing demand [1] . By World Wind Energy report of 2010, 430 terawatt-hours per year, which is 2.5% of the global electricity consumption, can be generated by wind energy technology (World Wind Energy Report, 2010). Wind energy is generated from the wind by using wind turbines (energy conversion systems) to convert kinetic energy to electricity. The power in the wind is varying with the cubic flow velocity to the wind turbine, which results in a huge energy generation increment by a small wind velocity rise. The main goal of wind turbine development is to increase the power output of the turbine. The output performance of the turbine is described by the power coefficient C p which is the fraction of power output extracted from the power in the wind by a wind turbine. According to the Betz limit, the power coefficient is a limited parameter for the conventional wind turbines. The maximum average C p value can be increased by creating higher wind speed, increasing the higher torque extracted by the turbine. A feasible way to improve the power of wind turbines is the application of flow augmenting structures around the turbines. That design sometimes referred as a Diffuser Augmented Wind Turbine (DAWT). The augmented device such as shroud or diffuser integrating turbine gives the power coefficient higher than the Betz limit [2, 3] . A shroud is developed to locate around the wind turbine to represent as a diffuser for mass flow enhancement. The main principle of the diffuser is to convert the kinetic energy of the approaching flow to the rotor into a pressure rise. This creates the lower pressure level in the rotor wake region and makes to W ISSN 2250-3153 http://dx.doi.org/10.29322/IJSRP.8. 10.2018.p8275 www.ijsrp.org capture greater incoming airflow from a free-stream tube to the rotor [4] . Thus, during the past few years, many research works have been conducted various models of ducted wind turbines which increase upstream wind speed enhancing the performance of traditional wind turbines. Various types of Diffuser Augmented Wind Turbine, DAWT, or shrouded wind turbines concept over the last century were done shown in Figure 1 . Many previous studies have shown that integrating the diffuser can give a favorable effect on the performance of horizontal axis wind turbines, applying the diffuser around the rotor. But it is still at research phase. Frankovic & Vrsalovic have designed a nozzle shaped ring with wings with its lower pressure side pointed towards the center so that the lift force on each part of the wing is directed radially towards the center. As a result, their nozzle augmented wind turbines were producing 3.28 times more energy than conventional turbines [5] . Bet & Grassmann have reported that a field of low pressure is created behind the turbine by means of employing a wing structure placed at some distance around the turbine [6] . This effect slowed down and widened the air flow hence the corresponding loss in efficiency can be avoided. The wing structure can successfully increase the power of a wind turbine by a factor of 2.0. According to Van Bussel, mass flow can be augmented by high diffuser exit area and/or by low negative back pressure at the exit. However, the major problem in diffuser-augmented wind turbines is to balance at the outlet the pressure drop caused by the turbine's energy extraction inside the duct. A notable power increase can be achieved by a pretty compact design shroud [7] . According to Vries, a power factor of 2.0 can be successfully increased by the wing structure [8] .
Hansen developed a CFD model to compare the efficiency of a bare wind turbine with the diffuser added turbine. He proved that the power coefficient can exceed Betz limit by diffuser effect [9] . A research discussed the augmentation of power and conducted experiments on duct type water and wind turbines [10] . The numerical investigation was carried out for the flow fields around the flanged diffuser geometry by Abe [11] . Matsushima studied the effect of the frustum-shaped diffuser on the propeller type small wind turbine [12] . The study showed that maximum wind speed increased 1.7 times with diffuser integrated wind generator. The extracted power of diffuser added turbine increased by up to 2.4 times compare to that of a conventional turbine. Ohya and Karasudani developed the optimal design of diffuser shroud equipped with a flange for HAWT [13] . The study focuses on placing the flange at the diffuser exit and a horizontal axis wind turbine inside it. The flange creates a low-pressure region due to a vortex formation behind the diffuser and draws more mass flow to the wind turbine inside the diffuser shroud. The optimized shrouded wind turbine offers a higher power output of about 4-5 times higher than a conventional wind turbine and also almost the same output performance with the field test experiment of a prototype of flanged diffuser shroud turbine. Kosasih explored a test on three different diffuser designs: straight diffuser, nozzle-diffuser combination, and diffuser-brim combination [14] . The test examined that straight diffuser gives the improved performance of 56% compared to the bare turbine while the nozzle-diffuser performance increases to 61%. It also demonstrated that integrating brim at the diffuser exit can improve the turbine performance but increasing the diffuser length doesn't have certain effect on the performance On the other hand, flow enhancing also greatly improves the performance of the vertical axis wind turbine (VAWT). The comparative studies on lift-based turbine have shown that VAWTs are advantageous to HAWTs in several aspects [15] . Compared to HAWTs, the VAWTs present a number of advantages. VAWTs do not influence on the wind direction, eliminating a yawing system to adjust the direction of the blades. Also, the turbine can be used in the regions where there are highly unsteady flow direction, providing operational safety and low noise. Its operational equipment such as generator and gearbox can be set on the ground, making easier tower construction and resulting in installation and maintenance cost is lower and the load acting on the tower is also smaller. VAWTs are better suited to meet the energy demands for villages and remote areas because of lower blade speeds and safety. However, the main disadvantage of the VAWTs with respect to the HAWTs is low power output for the same swept area of the blades [16] . Some researchers studied VAWT power augmentation. But it also still in research phase. Irabu & Roy designed a rectangular guidebox tunnel to guide the inlet mass flow so as to improve the output power of the Savonius rotor [17] . www.ijsrp.org
Savonius turbine with guide-box tunnel was increased about 1.23 times for three-bladed rotor and 1.5 times for a two-bladed rotor respectively. Krike carried out a test on the effect of slatted diffuser on several helical and straight blade Darrieus hydrokinetic turbines [18] . The result showed that the power output of the diffuser augmented rotor increased by a factor of 3 in one configuration. Takao studied the effect of guide vane row on the power coefficient of straight-bladed vertical axis wind turbine (VAWT) and showed that the increased power was 1.5 times greater than that of the bare wind turbine [19] . Nobile introduced that an omnidirectional stator around a straight-bladed Darrieus rotor can increase 1.35 times of the power coefficient compared to the open rotor [20] . An innovative Power-Augmentation-Guide-Vane (PAGV) design with vertical axis wind turbine was developed for Urban High Rise Application by Tong [21] . The output power of PAGV integrated VAWT is 1.25 times higher than that of the same bare VAWT. Chong also designed a novel Omni-Direction-Guide-Vane (ODGV) to equip the vertical axis wind turbine (VAWT) inside it. ODGV encloses the rotor and rises the oncoming wind speed, guiding the direction of the flow to the turbine and improving its starting behavior [22] . The highest C p value was increased to 62.5% at TSR of 0.95 and wind speed of 3 m/s. Allaei and Andreopoulos have recently introduced the innovative feature of wind turbines, namely INVELOX in US. CFD simulations and field testing were conducted to evaluate performance of this wind turbine. The results of their studies showed that it is possible to capture, accelerate and concentrate the wind. The total average wind power augmentation of INVELOX over 8 days was reported about 314% compared with bare wind turbine. The cut-in wind speed of 1 m/s is promising for development of enclosure wind turbines integrated within wind catcher designs for low speed regions in hot deserts [23] . Jafari and Kosasih also reported experimental and CFD studies for diffuser shrouded an AMPAIR300 wind turbine Different diffuser shapes and dimensions were investigated to understand their effects on power augmentation. From the CFD results, sub-atmospheric back pressure is found to be the most influential factor in power augmentation [24] . Shonhiwa and Makaka have reviewed the concept of Concentrator Augmented Wind Turbine (CAWT). They found that the best concentrator should locate 5 cm in front of the wind turbine and it should be a nozzle shape with inlet to outlet ratio of 6 [25] . Wong, et al. also reviewed various flow augmentation methods for the purpose of utilizing with Vertical Axis Wind Turbines (VAWTs) and reported large magnification of 9 times output power [26] . Joss E. Kesby, et al. proposes a method of determining power output, cut-in speed and starting time using a combination of Computational Fluid Dynamics and Blade Element Momentum theory. They present the simulation methodology of calculating the starting performance and power output of a DAWT [27] . Lino Maia, et.al, studied the effect of a shrouded structure around a small wind turbine. Laboratory measurements showed that improvements were obtained on electrical output, resulting in a maximum increase of 120 %. Measurements showed a power augmentation by a factor about 1.5-2.3, compared with the rotor without the shroud [28] . Therefore augmentation device/ diffuser concept can offer several benefits in the future electrical generation. But one of the disadvantages of using the diffuser is that the overall weight of the structure is increased and makes the design more complicated, which increases the cost of diffuser integrated wind turbines. Also, previous studies have not widely considered yet the detail design of simple flat plate power-augmented device for vertical axis wind turbines (VAWTs). In order to overcome the few disadvantages of the aerodynamics of a straight bladed vertical axis wind machine and to reduce the cost of complex diffuser design, a very simple augmented wind accelerator design has been considered in this study. This study is an attempt to investigate the effect of flat plate wind accelerator at its different sizes on the incoming flow through a straight blade vertical axis wind turbine (SVAWT) numerically. The wind accelerator used in this study consists of two of very simple flat plates. The power rise due to the simple flat plates is absolutely a result of the enhanced mass flow through the rotor. Also, the flow around flat plate integrated wind turbine was conducted to understand the phenomena of the flow behind the rotor.
II. MATERIALS AND METHODOLOGY According to [29] [30] [31] , wind power and wind generator power output can be determined by Eq.1 and Eq.2:
The power in the wind is directly proportional to the air density ρ (kg/m ) and cubed value of the wind speed v 3 (m/s) while the output of the turbine is calculated by the torque T (N.m) and angular velocity ω (rad/s). The performance of the turbine is defined by the power coefficient C p and it can be calculated by Eq.3:
Turbine torque is produced by the lift and drags force of each blade as Eq.4 and Eq.5: www.ijsrp.org
Where C L is lift coefficient of the blade, C D is drag coefficient of the blade, ρ is air density (kg/m 3 ), A is blade profile area (m 2 ), W is relative wind speed (m/s) and α is angle of attack (deg). Various rotational speeds of the rotor can be controlled by the turbine controller for a particular wind speed and represented by the tip speed ratio (TSR). The tip speed ratio is the ratio of the blade tip speed Rω to the free stream velocity v. It is calculated from the radius of rotor R (m) and angular velocity ω (rad/s) [7] :
A. Power-Augmenting concept for wind turbines There are two parameters that affect the value of the power -the swept area of blades and the wind speed. Therefore the power output can be enhanced by increasing one of those two parameters. One of the methods to increase the effective wind velocity is to use a duct around the rotor. Figure 2 illustrates a schematic of this design applied to a VAWT and the change in the stream tube comparing to the conventional (free-stream) wind turbine. 
B. Use of CFD in the work
Computational fluid dynamics is a software tool used to simulate flow phenomenon of gases and liquids. A vertical prototype of any system can be built using the simulated results of CFD software. Modeling Analysis of CFD software tool is used for numerical simulation of wind turbines. It provides the images and information, which predict the performance of the turbine. In the present research, CFD is used for the validation test of power output and flow visualization of the proposed system.
C. Proposed wind turbine and wind accelerator assembly
The rotor considered in this study is a straight-bladed Darrieus (or Giromill) rotor with a diameter of 1130 mm as shown in Figure 3 for the target electrical power output of 50 Watts. The rotor is composed of three blades, and each blade is attached to a central shaft by two supporting arms. In this study NACA0016 was considered as a selected aerofoil because it is a common type of symmetrical aerofoil for H rotor type vertical axis wind turbine blade and its characteristics are listed in Table 1 . NACA0016 airfoil data was taken from the UIUC aerofoil website and full scale data. The rotor solidity is equal to 0.3. The pitch angle of the blades was set to zero degrees. NACA0016 airfoil blade Rotor arm
Rotor shaft www.ijsrp.org The purpose of this study is to increase the generated power of the VAWT by integrating a pair of simple structured flat plates. The arrangement of a pair of flat plates around the rotor is as shown in Figure 4 - Figure 7 . The concept of this flat plate principle is that the plates create the flow channel by changing the incoming flow direction to the rotor and accelerates the flow velocity. In addition, when the two wings are located in the 90 degree positions, the mainstream of turbulence is recovered quickly after the mainstream passes through between the two wings [32] . www.ijsrp.org www.ijsrp.org
In this study, the effect of separation gap and clearance between rotor and accelerator at two different sizes of the plates on the amount of wind mill power generation will be investigated numerically. The wind turbine performance will be considered in different dimensions of acceleration gap and clearance between the rotor and flat plate arrangement as shown in Figure 6 The step by step process of this study can be categorized into three different parts according to standard procedure of numerical simulation. The analysis of flow field characteristics was done by a series of simulation based on the following process: preprocessing, simulation, and post-processing by using computational fluid dynamic (CFD). The main challenge step for conducting the numerical simulation is defining the computational domain and meshing. Here wind accelerator integrated three-bladed rotor Giromill wind turbine was analyzed. All the specifications used were based on the design data. The domain was split into two parts: a fixed rectangular outer stationary domain and a circular rotating inner domain as can be seen in Figure 8 . The outer domain was set as a generic domain in order to match the wind tunnel testing conditions while turbine was bounded by a small cylinder around it in order to obtain the finer mesh. The width and length of the outer domain was chosen as 4 times and 10 times of the rotor diameter and the height of the domain was approximately 3 times the diameter of the rotor. The domain was made large enough to capture the free stream condition of the surrounding fluid. The geometry was modeled and the mesh was generated in ANSYS 17. The mesh was characterized by tetrahedral elements. In particular, the maximum element size for the fixed domain was set to 0.05 m; the length of the element at the interface was equal to 0.03 m, whereas the minimum element size was 0.003 m and is used to discretize the fluid domain on the turbine wall as shown in Figure 9 . www.ijsrp.org
The numerical solver used in this case is based on solving the Reynolds Averaged Navier Stokes (RANS) equations at steady state condition by employing a finite-element method. The RANS turbulence methods analyzed was the standard k-ω model, which is twoequation turbulence model to represent the turbulent properties of the flow.
IV. RESULTS AND DISCUSSION
In this study, three-bladed turbine, NACA0016 with the chord length of 113mm was used to investigate the performance of the rotor on the effect of separation gaps and clearance of the two flat plates. In this case, maximum upstream wind speed in the simulation was 7.5 m/s with Reynolds number of 1.3×10 4 while tip speed ratios were set in a range of 3. The maximum rotational speed is 380 rpm and turbine is rotated in counter-clockwise direction. After getting the converged results from CFX, the case and data were saved and opened in CFD-post which is the post-processor bundled with ANSYS. The torque is obtained by the simulation process.
A. Analysis of Wind turbine power Output
In the different separation gaps case, 1150 mm separation gap is set as a reference gap and changes to larger gaps to test the effect of gap changes on the performance of the turbine by using flat plate size of 1380 mm width and 2150 mm height as shown in Table 2 . Simulation was done at maximum wind speed of 7.5 m/s. The values of torque from the simulation are plotted against various separation gaps as shown in Figure 11 . From the Figure 11 , it can be obviously seen that torque value varies by increasing the separation gap from the reference gap. The torque reached to peak value of 2.69 N.m at the separation gap of 1350 mm by adding the flat plates to the turbine. It was about 1.35 times of the bare turbine torque value of 1.98 N.m at the rated wind speed of 7.5 m/s which was conducted by Thandar Nwe [33 ] . Therefore 1350 mm separation gap is considered as the optimum value. Table 3 . The same reference gap of 1350 mm was set in both cases as it is the optimum separation gap as shown in Figure 11 . The torque value at various clearance values are plotted as shown in Figure 12 . In the larger plate case; the torque rises to maximum value of 2.69 N.m at optimum clearance of 150 mm. Then www.ijsrp.org
the performance of turbine is tested again for the smaller flat plate case. In this case, maximum torque value of 3.05 N.m was attained at 250 mm clearance as shown in Figure 12 . It was about 1.5 times of the bare turbine output. Table 3 Specifications of different clearances between two difference sizes of flat plates Figure 12 : Average torque at different clearances of two different sized plates Therefore the optimized system design is separation gap of 1350 mm and clearance of 250 mm by 1000 mm width and 2150 mm height of flat plates integrated vertical axis wind turbine. In the vertical axis windmill, different places of blade and upcoming wind speed create different angles of attack in the 360֠ rotation of the rotor as shown in Figure 13 and Figure 14 . Different angle of attacks make different pressure level between the upper and lower surface of the airfoil, which causes the lift and draft force of the blade. Turbine torque is produced by the lift and drag force of each blade. Generally for vertical-axis wind turbine, a positive torque lift is generated when the blade passes through the upstream side. When the blade is located on the upstream side, angle of attack is a positive value while negative value of angle of attack is experiencing by the opposite blade. The incoming wind speed with respect to the blade becomes larger as the peripheral speed ratio increases while the Reynolds number also increases correspondingly [34] . It should be noted that, the forces on the blade change due to the continuous changing angle of attack. Therefore the flat plate collector concept is applied in this study for the optimum angle of attack by changing the direction of incoming flow and collecting the flow to the narrow passage. www.ijsrp.org The average static effective pressure difference acting on each blade of the rotor creates the lift and drag value of the rotor which produce the turbine torque. The two different sides of each blade have different pressure levels. The upper side of camber has lower pressure than the lower camber side. This creates the positive and negative pressure regions and the difference causes the rotation. The pressure difference acting on the rotor was set against the various flow velocities as shown in Figure 15 . The higher pressure difference was attained in all flow velocity conditions. It seems the blades are experiencing around optimal angle of attack. At the rated flow velocity of 7.5 m/s, the highest pressure difference of the rotor was about 270 Pa and while the lowest pressure difference of about 33 Pa occurred at 2.6 m/s in this accelerator integrated turbine case . The average static pressure obviously increased compared to the bare turbine (without accelerator) case [33] . In the bare turbine case, the rotor attained the highest pressure difference of 40.17 Pa at the rated velocity of 7.5 m/s. The lowest pressure difference at 2.6 m/s was occurred at 7.98 Pa. ISSN 2250-3153 http://dx.doi.org/10.29322/IJSRP.8.10.2018.p8275
www.ijsrp.org In the CFD analysis, the overall torque during the steady movement of the rotor at different wind velocities was extracted and the results of both with and without accelerator cases are compared as shown in Figure 16 . It showed that the two analytical results of torque value are different. www.ijsrp.org
The comparison of electrical power output was shown in Figure 18 and it could be seen that the electrical power output increases to 87W when bare turbine result was 63W. From the two analytical results, it is obviously seen that the power augmented turbine can give more power than the conventional wind turbine. www.ijsrp.org In the turbine with flat plate case, vortex is generated around the blade 1 and blade 2 by the effect of flat plates as shown in Figure  21 (circle ③), which phenomenon cannot occur in the bare turbine case. When the plates are positioned on the side of the blade against the mainstream in the 90-degree positions, the flow passes through the left blade from the view of the upstream is slow down by the left plate as ②. Therefore, there is a possibility that the magnitude of the negative torque which has been generated in the original position is smaller. At the same time, the right plate from the view of upstream side changes the angle of attack as circle ① affecting to be greater the lift which mainly generates positive torque. At the same time, negative torque is reduced by the left plate, decelerating the mainstream by the effect of wake region behind the plate. In this way, it is estimated that the output increases greatly. www.ijsrp.org
Flow velocities around the rotor of the turbine were shown in Figure 22 by the 3D isometric view of the complete rotor. From the figure it can be seen that the highest velocity region occurred at the outer path of the rotor rotation. The velocity always remains zero at the blade wall. After hitting the wind at the blade the wind also produces some angular velocity and start to gain the velocity again. In general the higher velocity region is displayed at the leading edge of the blade especially at the blade which is on the pressure side. It is apparently seen that the highest velocity region occurred at the blade 2 and the blade 3 at the outer path of the rotation and these two blades may mainly drive the rotor. With respect to the effect of the adding flat plates to the conventional turbine, the changing of output value is obviously visible at different separation gaps. Especially there are sensitive changes of power when the both plate are changed different separation gaps from the reference place. As a result, different places of left plate create different angle of attack which gives different positive torque values. The optimum positive torque lift is generated when the blade passes through the upstream at the separation gap of 1350 mm by creating an optimum angle of attack which results in the optimum positive torque in order to induce lift. Therefore the right plate from the view of upstream side changes angle of attack and accelerates the incoming flow, affecting the greater lift which mainly generates positive torque. At the same time, more negative torque is reduced by the left flat plate decelerating the mainstream which increases negative torque, by the effect of wake region behind the plate. Therefore, there is a possibility that the magnitude of the negative torque which has been changed by changing the place of the left flat plate. There are sensitive changes of power output when the positions of both plates are changed to different clearance before the turbine. The optimized design meets at the separation gap of 1350 mm and clearance of 250 mm by smaller width plate of 1000 mm with 2150 mm height.
V. CONCLUSION In this study, the numerical simulation of straight-bladed vertical axis wind turbine was carried out by CFD technique if the presence of an augmentation device around the rotor of a VAWT can be favorable to the wind machine energy output. As power output plays a key role in the assessment of wind machines performance, the power output as the function of different wind speed was investigated by integrating flat plates at different separation gaps and different clearance in the simulation. Maximum peak power of 94.62 W was occurred at 1350 mm separation gap and 250mm clearance at the rated velocity of 7.5 m/s by the flat plate size of 1000 mm width with 2150 mm height. It was about 1.5 times of the bare turbine output of 67.94 W. This is an acceptable result with the some output results of diffuser augmented turbine which were investigated by the previous researchers. The visualization of the flow around flat plate integrated wind turbine was also conducted to understand the phenomena of the flow around the rotor. From the visualization process it can be seen that different place of flat plate creates different angle of attack which gives different torque values. The right plate from the view of upstream side changes angle of attack of the flow and accelerates the incoming flow velocity. Negative torque is reduced by the left plate, decelerating the mainstream by the effect of wake region behind of it. In this way, it is estimated that the output power value can be affected by placing a pair of flat plates around the rotor at the specific position. Due to this sensitive phenomenon of aerodynamic characteristic of flowing around the rotor integrated with the flat plates, CFD technique is a special tool to simulate the prediction of this augmented accelerator integrated straight blade vertical axis wind turbine successfully. In conclude, this study supports us the knowledge that the flat plate technique can give higher increase power output to the straight bladed vertical axis wind turbine and it can be seen that the performance of straight bladed VAWT is significantly changed by presenting the simple wind accelerator at the different separation gaps and different clearance. ISSN 2250-3153 http://dx.doi.org/10.29322/IJSRP.8.10.2018.p8275
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